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Results of reomlt Spin-tulmel tests m modd.s Cte E3avm mltt-
- a-a exe euimmrlzdl and a coqpzkm Is made with
corresponding results for representative 6i@e-emgine airplanes
loaded sl~ the fuuilage.

The mltiemgine aix@anes give steep spins wi”th M* rates
of descent and high load faotors. M3veumnt of the elevators down
and of ailerons against the spin is eepeolelly effective for reoove~.
The rudder may be relatively less effeotive. For spins of single-
engi.ne airplanes loaded along the fuselage, the “rudderIs ~
the nmst effective oontrol and the ailezmns should be moved with
the spin to aid reoovery. The difference in oh8maotee16tict3of the
spins appears to be associated with the Ufferenoe in mass distributicm.

ImRomcTIor?
. .

Mdern airoreft &al@ has, in recemt years,shown an Inoreased
trend toward the miltiengine type with two or more angines xmnted
in the wings. Imstanoes have been zwported where suoh airoraft hhve
been inadvertently spun, but pertinent data about the spins are
laddng. .m nature of the Spin is of Oons.iderdbleinterest end
Iqc&teme, not anly from the point of VMW of oozzwot mntml
Manipulathxl for reoove~, but also fmxn a oonsiderat~on & the
atnuhural. stxwngth ~tations of tie al-.

IMrinsthe past few ywxrs, routine spin-tunnel teste have boezI
omduoted at the NACA q umdsls of seven mltiengine airozaf’t. The
spine were obsemed to.ha~” oertain commn oharaoterhtios that vere,
as a whole, different from those ~ Obtxdnecl with single-
~ *r@t. k-d .*- * fuseJ.ags ● The -se of t4e

. .pmmlht pqper I% * ~pmmmriq *. qpautitative datq for the sev~
nkxk+ and to dkuss the okm30@ristio differences. Be-

. . . . #.“., . ,.. . . ...1 J
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mdels of niultisaglneai@snea and of single-engine airplanes
loaded along the fus~. and their spins. Some of the data presented
already have bean treated qusldtatlvbly ti refqrexwe 1 ti a dlsoussion .
of the effects of mam m%ngemmts on Spinning Chracterlstics● SCmM
Brltlsh observations on the sub~ect of spins of pmltls@ne airplanes
are Included In referenoe 2. Extandve work with models of &l@Le-
englne drplenes loaded - the fudelage is reported In references 3, .
4* and5.

-Ew%feet . . . “

ViLlg erea, square feet

radius of ~atlon dbout the X sxls, feet .

radius of *ation about the Y @s, feet

radtua of ~tlon tibout the Z azle, feet

mass, slu@

coquted radius of spin, feet

full-male true rate of descent, feet per second

acute an@e between thrust axis and vertlcsl (appro~teily
equsl to an@e of attaok), de-es

angle between lateral.(span) axio“andhorizontal (posltlre
ti~ the right wing IS -), degrees .

full-scsie
radians

density of

The
Vere all
of their

auglular velocity about spin (vert~cal.) axis,
per second

alr at sea level, slugs per cubic foot

““lxSCRECKRV Cm’MIwLME3

multlengl.nealrplsnemdels tested (mdels 1 & 7), vhlch
of the twin-engine type, are described in table I by mans
approximate weights snd their nondimensional desl~

characteristiccs, (All tie airplanes were of the tractor &e with



%’

the eiq~tion of nlodil2, yhlohwaa of the pusher Iieslp) Photo-. .
‘-’ -kmulyi”of - ~dels - - in-f-s-l to-7’ * alww?.- .

values.of the ncdlmnsiansl deaiq oheuwterlstloa may be ooqxred
to oodrd@x@.ng average values ~sented for five pummlt-~

J airplanes~io~ repzwmmtativ~ of single-engine k13@kne8 vith

7 thb mags f!!ismbuted Ohlefly.Slong.thOfuselage, cOluparlsonis
-1 al~o mde in the tdble witi the.values for themdel used-Inthe

testkof *erencq 3. -The results In refereme 3 are for a sin@e-
. anglne nmde$ havtng a mass distrlbuticmslmllwrto the averagefor
“ the five sln@e-e@ne yqsult ~dels loaded _ along the
fukkge tit ha+lag a l&er vid.ueof-*6 relatlve dL3nSitW (dPm]
beoause lightly ~aded tralaqro were L@ e@uded In detirndnlng
the avemage cmdltlon ●-

It has been noted that the ess&tisl diffezkoes between
. fuselage loaded sin@e-q@.ne @ h@.ticmgine alroraft era as follows:

.. ...

(a)” h regku.%to exte~ &ns’icqs:

!Cheaspect ratio of the.wing and the horizontal
. . tallplane is greater for mil.tienglneairwaft j that1S3

,“ If E single-englnaand a mltiengjae model are of the s-
span,”the multienglne mdal till have a smiler ohord and
area for both the wing end the hmxlzcmtel tailplanec The
multiemgl.nemodel will also have a smaller meximum fuselage
depth●

Mul.tienglnealrom.ft em more apt b have dual verticel
tail sM?aoes then are stngle-engine airorsfts As a results
the tall-damping pover faotor (as defined in referance 6) Is
like3.yto be M@er for multlauglne airoraft. Of the seven
ndtianglne airoraft in tdble I, however, only four h@ dual
wrtloel tail surfaoes,

msmt-daY multiepg.tne”alrcmft have huge naoelles
inthewing tohoueetM3&u@nes.

The relative dmsi~ is lower for multia@ne airotit.
This faotor has been f~d (referenoe~) to have a si@fiP
oemt effect on the spin, lower values of relatlvedensitJ
being associated with steeper spins. !I!helow value of
relative &mugi@ for the nrxlelof reference 3, which is
ZwpX’esentatlveof older sl@e-engine alroraft loadsd alomg
the fuselage3 thus gave so-t steeper sp~ than would
have been obtained for the mnw reoemt fuse~-loaded
s~e-eagine deai~. ~or nmdels of em s- Qe wei@t
and ~ loadlng would be lower for the ~t~~ne ~~.



4

. .

It 1s apparent from the nmdlmnsimal expremlons
for radii of ~tion -t ~re MS 1s distributed
along the wing and lems along.the ~elage for *
multlemgine types The two values b/kx snd b~,

~&r & be approxlm@&” ti&rohangedfor the *
. . kxa - kya

alr&ne -designsand the velureof the &ramter ba

are tirefors”quitedifferentfor the two typesof alroraft,
beingpositivefor mltlemglhe airoraftand negative for
alrordt of sin@e-engine desi.@ loaded chiefly along the
fuselhge. !l%Isparameter determines, for a givenattitude
and rate of mtatlon, the Inertia~awlng.mmkmt aoting
_ a steady spin. (The aotual values of the
Individual radii of gyration are si@flcL9pt OnJy during
the unsteady part @ the.mtlon,. as during retry or
recovew ●) For.nualtlenginedesigns, the param3ter =

!!Lx
ba

has a larger negativevalue,whereas +

h& a smaller positive velue then the correspmdlng value
for single-engine alroraft loaded along the fuselage.
These two parameters determine the zwlling and pitohlng

. . Inertia momnts aoting during the steady spin.

..

REsuIm

The equivalent spin altitudes at
and the 00ITS~~ ~ loadiqj of
are givm in the follq &ble:

which the Iwdels were tested
eaoh alrpl.auerepresented

.

.

.

. .
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: Hodel
. .

J
1- 1
1

a

3. ..

4

5

6

7

““A5ipiii&
t~e

YP-38 ‘

X’Rm-l

xr51r-1

XB.AB.3

A.20

xl?.50

E-26

--Equivalent
teOt altttude

(ft)

0,000

$4,000

10,000 .

20,000

20,000 ,

13,oofJ

1.0,000

W3ng loading

(3b/eq ft )

34.5
.

26.4

28.4 ‘

36,.0

41.0

S4.4 .

43.4

The” results; whtch are presented in oh~rt 10 were
taken fron the or~glnal test reports and were obtained am
desoribed In reference 7.

The load factor nornal to the airplane thrust axis is
computed as l/Oin a on the assumptions that the result-
&nt aerodynanio force In n etendy spin Is ~pproximately
nornal to the thrust axis nnd that the vertlaal oonponent .
of the resultant t’oroe is equal to the weight of the atr-
plane.

.
The stpndy-epin oharaeteristios were obtained for

ruddere fully.w~th the spin”and elevator nnd ailerons oov-
erlng all oomblnations of posltione. Reaovery wa~ gener- “
ally atte=pted by rever~al of rudders from fully with to
fully against the spin.” Tn eeverhl instandes, reoovery
wss attempted lIy reversal of elevator fron full up to full :
down. The data presented are for right epin~. ‘Ailerons
with the splnm means right aileron up in a right spin.

The “outgtand,ing reeu~ts for eaoh model are as follows:

“(a) Model 1 ‘ . .

Model”l dpO~ended in R oteep spin at a rate
of speed Za ekoess of 250 feet per seoon& full
aoale. Because of the higb”speed, few quantiita-

.,, . ..- —
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. .

. . . .. . . tive. ilat~.vsre obtained. . It wae noted that the
model vould .repoyer within two turns By rudder.....

. . reversal ~r,om the nornal spin and that it would
. .

..
. (b)

not spin when the elevator-was full down.

Model 2 .“

.“

...

.“

.

L

(c)”.,
.,.

. .

. .

(d). .

. . .
-.

Model 2 spun with elevntoz? up but would not
spin with elevator neutral or down. The spins
obtained were steep and had a high rate of tie-
soent (of the order of 250 ft/edc). Aileron-
against spins were steeper with a higher rate of
descent than aileron-with spins. The radiue of
spin was about 15 percent of the span and the
lea& factor “wtitaabout 2. The nbdel would hot re-
cover by rudder ~eversal alone from the spins
obtained with elevator up. X’air~y rapid reoov-
“ery could, however, be obtained by noving the el-
evator fron tfie full-up to the full-down posi-
tion, the rudder being left deflected with the
spin.

.

Model 3 “
,

The on’ly control conft”&rations for which
model 3 would spin were elevator up and ailerons”
e’ithor ‘neutral or with the spin. For atleroms “
neutral the rato of deecent wam “over 286 feet
per second, and for ailerons with, the rate of
deecent wag 200 feet per mecond. IFor this model
with the loading varted sonewhat fron nqrnal, a
test was nade which showed the turns for recov-
ery “obtained by elevator revorsmal alone to be of
the same “order of ~agnltude as those obtained by
rudder reversal alone.

Model 4 . “ ..

Model-..4 spun -steeply wdth a vertlcalmveloc-
“ity exceeding 300 feet per eecoad for all aileron
“setttngs when the elevator was full up and for
the ailerc+a-with setting when the elevator was
ueutral. Indlcatlons were that reversal of rub
,ders alone wotild not effeot recover%, but that
moving atlerons and elevator against the spin
would ”fayofi~rbcovety. ‘. s:. I.. ..

:. . ?. . . ----



(e) Model5
. ----- ,..... . ..------- .,.-

Mxtel5 would sp~ for-‘ti&.+& titi tie spinbut
not for ailemm againstthe spin● With ailemms I@mJ.

4 the Iwdelvould spin%or elevator up but not for elevator
-- down. All spine obtained wem ve~ steep wI* high ratea
‘1 of desoeult. !lheload faotora vere @out 2. The slowest

reom~ vhs obtalnetlvhen the ailerons were set with the
spin end the elbvatq? ~ up. W@n all three oontroh
- full with the spin, satiafaoto~ reoovery could not
be obtdned by revered. of either rudder alone or elevator
alone.

..
(f) mm 6

For normaJ,mptrol position, - spin d IWW 6
was steep with the rate of descent mceeding 300 feet
per seoondb Fo% ailerons against the spinor for
elevatorneutralor” downthe mdel would not spti● For
ailerons with the spin aud elevator up, a flatter spin
was obtained, Recovew by rudder reversal alone from
this spin did not .appe& ‘%
alone, however, seewd nnre

(6) Mdel 7

Foh !mdel 7, the spins
(@e of attaokdbout.2!3°)

be rapid, Elevat& reversal
effeotive.

obtained were very steep
with ven hl~ rate of desoemt

(exGeedlng320 f t/see). “Setthg dlilm” against“w spin
reducedthe temdmcy to spin, especially for elevator down,
It was noted, however, that for thle mdel, unlike the
case for the other mxlels, a spin was.obtslned for elevator
down end ailerons neutral, This nmdel differed fmm the
otlyra, particularly in having a higher positive value of

%a;:9
and a negative

“. distribution mre neE@.y
-e type loaded along
Spin was fromoml to 0.3

kxa - ha
value cd

ba (mass

like that of aihoraft of sQe-
the fuseldge) . The radius of
of the span. Load fe@tors obtained

wereof theorderd 2.50 ‘l!heindioationa were that
recoveq by rudderreversalalonewould.be rapid emept
from.qpinswith * -e contzwU set full with the spin.
Fnm this spin neither rudder reversal nor elevator
reversal was ed’feotivefor recovery,
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lhe results obtained for all models were ““similar m tht
the spins with tie ailerons full with th6 spq end +Ae elevator
fuQ up had the poorest reoGvery chmacterletics. .Setting
allercms against the spinor mvhg the elevatordownusually
led to a condition In which the mo@l WCUU not spin. This
resulttidlcatesthat the most effeotive control msnlpulatlon
for recoveryIs to mve all threeoontrolsto full.against
the spin●

J!U obtainablespinswere at a low angle of attack, and
hmce tie drag coeffloi.mt was low and the rate of descent was
high. The hl@ rate of dmcsnt would naturally result In high
control forces.

l!herate of descent Increases appreciably drlng tie recovery
from a ~ti and also _ the pull-out f~m the ensuing dive.
Refermce 8 Indicates that the velocity gained during the return
to level flight can be Umlnlshed by pulling out rapidly, but
this procedure will give rise to high load factors. Because
of the hI@ hi tisl veloci~, skillful piloting would be nqtind
to avoid exceeting either the safe load factor or the allowable
maximum air6peed for some of +Ae larger alrpleness

The load f&tors during the steady sp~ns ranged from about 1.5
to 2.7. As previously ~tioned, these values are only approximate
because of the assun@iaus Involved in their computation●

It should be resllzed th& sU. the results presented were
obtained with small-scale models and that the rcnge of values
obtainedwL121full-scaleairplanesmay be somewhatdifferent●

. ... ..
The caupariscm between the genex&l spin charaoteristios of

eingkngine aircraft lctidedalong the fuselage ati multienglne
aircraft In the clean ccmdltion is as follows (values for single-
englne atrciaft Leaded along the fuselage be= taken ficm ref~
ence 3):

——m- 1 - Iml -1~-mm Imlmmml
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gQqL’acteri mm,. ,. .-

Attitude
..

. .

Rate of demerit

,Radius/span

Load factor &w-
ing steady spin

Relative effem-
otivenessof
controls in re-
Cove?.y

Aileron di8-
, placement to

atd J?9COV@~

-SdJ3@-LCXd9d -
‘ Sin$Le-Ibgine

,.

Wm3p or flat: ‘
afmmj4°tcfl

0.01 to 0J6

1.0 to 1,8

Rudderrofweef-
fectivethan
elevator

With spin

steep:
afmm2@to44°

!%
Hi:
1 to 3J@ fpa

1.9 to 3@
radians/seo

0.07 to o.&J

1.4 tO 2.7

Elevator Iwre
fectivethan
rudder

A@net spin

ef-

,

Commllm REwE5
. .

.’

An anslyf3isof SU existing data Indicates that the Mfferances
in spin char&teristlcs of nnilti-engheaircrdt and single-emgine
aircrtit w$tihthe mass distributed principally along the fuselage
- probably due mainly to the differences h mass distribution.
~ dimensional dlffezwnces appesr to be at seccn~ importance,
p=titiw shoe tie spin chaacteristlos ehqwn herein for the
sin@e-an@ne edrplane with the mass distributedalongthe fuselage
have beem foundto pemist over a wide ~. of dlmensicmel varlatlas P
Further specif’ioresearch WW be necessary, however, to isolatethe
iqortant elemmts end to deternrlne@et which factors are responsible
for the reported differences.

.,

L=@eY M~ri~ ~~~tio~ L@ontiw$
National Adtiaozy Connuitteefor Aeronautics,

-q Fidd, Ta.
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Model

1

2

3

4

5

6

7

Average
for
models
lto7

Ave~ge
rOr 5

8
81 e
e me

Valws
of ref.
erenee
3

Airplane

YP-38

YF’m-l

XF5ml

XB-AB-3

A-20

XP-50

B-26

Wel@
approx.)

(lb)

ll,yxl

18,150

8,64o

24,500

19,050

10J5O

26,650

16,965

5,5~

4,720

b2/S

8.30

7.12

5.82

5.85

8.09

5,83

6.9

6.4

5.75

6.00

C.g.

)peroent
M.A.C.

25●4

31.8

23.2

21.75

20.5

14.7

22.89

25.31

25.0

AIRPLAHE

bhx

6.86

8.55

6.56

6.89

8.11

6.45

7J@

7.23

9.69

9J$o

8.27

1.01

8.08

8.83

9.51

8.69

7.08

8.78

7.22

7.22

T-E I

DESIGR t3?ARAC1’ERISTICS

bhz

5*34

6.88

9.25

5*47

6.34

5.15

5.20

5.66

6.03

6.02

~x2 - %2
b2

—

66 xlo~

61

76

82

b

108

.18

59

.78

.81

,>

%2- %2
b2

-*I XIC)-J

-129

-m

-206

-138

44

-ln

-187

-81.5

-a

kz2 - kX2

b2

138x 10+

68

137

123

97

lx

L89

Lq

164

165

(elativd
lenalty

8.66

4.93

8.83

7olb

8.73

10.7

8.74

8.25

80@i

7.00

Tall damping
power factor

(a)

).00051

.OOO11O8

.Oolypj

,001735

.00034

.00*

.000517

.00108

.000085

:0001605Tall A

.00001013Tall B

.0 Tall C.

%ail dimming power factor calculated●ccordingto method of reference6.



CharT 1
SPIN CHARACTERISTICS $

[Landing gear retracted;f lap settin~ neu’tml; rudder f(~l I w ith the spin prior to recoveryat~empt]~
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8 a Turns for recovery by full rudder reversal alone.@%9]eg

Vq b Turtl~ for recovery by fulle Ievdor reversa I alone.
f ps) pc H;ghvertical velocity in exce5s of value noted,

(Q) (q Dd b4anderln9 spin.~+n Ioa(: ‘-
-1
t

@ 03cillalor~ 5pin - 1+

f No, indicates model would not spin. q m, indlccd-es model would no’f recover.
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Ch(xYt i.- Contil-wd
5PIN CH/\RAC ITR15 [“K.<

[Landinggear retracted;f/up setf/n~ neutm/;
z

rucfde~ fu// witl-l ‘Ik spin prior to recovery attempt]~
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Chartl:COfKluded
SPINCHARACTERISTICS

[Landing qear retracted; flap setting neutral; rudder full with thespinpriortorecoveryattempt]~
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Figure l.- Three-quarter front view of l/20-scale model of
Lockheed YP-3EI airplane.
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Figs. 2,3
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Figure 2.- Side view of l/25-scale model of Bell YFM-1 airplane.

Figure 3.- Side view of l/22-scale model of Grwmnan
XF5F-1 airplane.
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Figure 4.- Three-quarterrear view of l/25-scalemodel of
BurnelliXB-AB-3 airplane.

Figure 5.- Three-
quarter’

front view of 1/30-
scale model of
Douglas A-20 airplane.
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Figure 6.- Three-quarter front view of l/25-scale model
of Grumman XP-50 airplane.

Figure 7.- Three-quarter front view of l/26-scale model
of the Martin B-26 airplane.
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